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Abstract

The existing method of vane coupling rings (VCR) for field
stabilization in 4 vane RFQ cavity has several disadvantages.
One of them is that it cannot stabilize the field distribution in

the.longitudinal direction of the cavity. The other is the

Jaximal filed perturbation and the disctrete capacitance loading
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overcome these

of VCR along the Z-axis. In order to

disadvantages in this paper a new method of field stabilization
in RFQ cavity is proposed which is called 3-dimensional VCR (3-D
VCR). 1In contrast with the VCR the 3-D VCR can simultaneously
stabilize the field distribution 1in both of azimuthal and
longitudinal directions and it has less field perturbation and

more uniformly capacitance loading along the z-axis of the RFQ

cavity than that of the existing VCR method.
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1. INTRODUCTION

The f;eldrstab1%{Eatiggwinﬂgfo_anag is important for both

_of the field flatness adjustment gnd of reliable operation of RFQ

T

linac. Recently there are mainly two methods for field
stabilization in RFQ. One is the vane coupling rings (VCR)l.
The other is the resonant loop coupling (RLC)z. Both methods are

successfully used in several RFQ linacs.

From the point of view of periodic system both of the RFQ

e

Structures with VCR and RLC field stabilization devices are

equivalent to an 8-cell circular periodic system.3 When the

structures are working in the RFQ quadrupole mode it is

corresponding to the #/2 mode of the 8-cell circular periodic

velocity of

system. in azimuthal direction. The group
electromagnetic energy flow for quadrupole mode in transverse
direction is large. But there is no longitudinal electromagnetic
energy flow for guadrupole mode in the RFQ cavity.

The improvement of field flatness in longitudinal direction
in the RFQ cavity with VCR or RLC 1is only because the
interference of the dipole mode is removed away.

Of course in theAEFatic case (;cw>{§Jpowe§ withputﬁbgﬁgm:
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loading) the longitudinal field flatness can be tuned by the end
s ———m————;

gap piston tuners, side wall piston tuners and shaping of the

vane end form. But in the dynamic case (high rf power with beam
SR SLEL" LUNE ST “ACdnh lulli
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_loading) the longitudinal field flatness can be distoﬁted by rf

_—

heating and beam loading.
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In order to overcome these disadvantages of the RFQ
structure with the existing VCR (Here after we'll call it
2-dimensional VCR because in this structure the plane of vane
coupling ring is perpendicular to the axis of the RFQ cavity and
it can be specified by two polar coordinates r and 0 only) a new

e —

field stabilization device for RFQ linac is proposed which we'll
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call 3-dimensional VCR (it is because the plane of coupllng ring

in this case is specified by all 3 polar coordinates r, §, z.

2. THE ADVANTAGES AND DISADVANTAGES OF 2-DIMENSIONAL VCR (2-D

VCR)

Up till now the 2-D VCR 1is used in many RFQ linacs

successfully. In many labs people have already had a lot of
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experiences in manufacture, assembly and operation of it.
L ]

Actually the mechanical structure of 2-D VCR is_.very siﬂgle.

These are the advantages of the 2-D VCR.

The disadvantages of the 2-D VCR are the following. As it
was mentioned in the introduction that the RFQ cavity with 2-D
VCR 1s equivalent to an 8-cell circular periodic system3 in the
transverse plane of the RFQ structure and the gquadrupole mode of
RFQ 1is corresponding to the w%/2 mode of the 8-cell circular
periodic system. Therefore in the RFQ structure with 2-D VCR the

quadrupole field distribution in the longitudinal direction is

ot stabilized. [The reason for this can be illustrated by the

=

followin v‘h‘s;cangxc;ure.k In the 1dea1 case (absence of dxpole
X IE "—_Ketrw 1es 4 o -
modefpthere are no rf currents Elow1ng along the coup11ng rxngs.

T o e Yot = LTI -
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and TE-2/n -Jixe »m/e;

But in the non-ideal case {(presence of dipole modéﬂithere are rf
C—— CEE IOy

" currents flowing along'the coupling rings. In this case because
f hr e -

the plane of the vane cdup!iﬁﬁ ring is perpendicular to the axis

of the cavity the cf curtent flowing along the coupling ring only b

has azimuthal conponent ! whxch wzll produce ‘around the

BT

conductor of coupliaq ting naqnetic Ezeld shown in Fig. ) B

Fig. 1 The schenaﬁlcal plcture of 2 D VCR showxng the
eletro-agnetxc energy flowing 1n both of the axxal ‘and

radial directions.

At point A there are field components: Eb ¢ H_ r;tﬁe Poynting's
? a ’

vector

Sz,p = Bl,g x Hr,g

"
r,t ’ )
All'sz.t From /eft X4 h;gdt
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At point B there are field components: Bb , H_ _, the

Poynting's vector
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At point C there are field components: Eb i Hy g the
] b
Poynting's vector
Sr,l = Eb,l x Hz,i
o H_ . .
A %l ouwt off axis
Sr,i l
E
$,1

At point D there are field components: E° o? Hz o the Poynting's
? s

vector
SI.’,O = EO,O X HZ,O
S
//( r,o . '
nty Ag:fa§
B D
Z,0 i
E
“9,0
where E , H and S denote ¢,r and z components of the
b!g 'rvi Z,k

corresponding quantities on the left side of the coupling ring;

By ps H. , and S, . denote $,r and z componentﬂof the

corresponding quantities on the right side of the coupling ring;

Eb,i’ H and Sr denote the ¢, z and r components of the

z,i , 1

e



corfesponding guantities inside the coupling ring; E¢ o’ HZ o and
: , E

Sr'O denote the ¢, z and r component of the corresponding
¥ -
guantities outside the coupling ring.

In Fig. 1 it can be seen that the two longitudinal

electromagnetic energy flows Sz_l (the Poynting vector from the
Ry =i e ’ ’ N ttrde-y i
left side of the coupling ring) and S (the Poynting vector
WEJE
from the right side of the coupling ring) are canceled each

other. This is because
P

E = E 2.1

0’1 ¢,r (a )
T — T

He, 7 “Hr,r (2.2)

Therefore Sz - -8 (2.3)

L zZ,r
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Consequently the sum of longitudinal electromagnetic energy flow:

is zero

S = 0 (2.4)

On the other hand in the radial direction inside the coupling
ring the azimuthal component of electric field larger than that

outside the coupling ring, that is

qrprrrrtt s
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and the axial component of magnetic field inside the coupling
ring produced by the rf current flowing along the coupling ring

is also larger than that outside coupling ring, that is

H . >H (2.6)

Therefore the Poynting vector in radial direction from inside

coupling ring is larger than that from outside coupling ring,

that is
Sr,i = E¢’i X Hz’i (2.7)
r,o - @ o z,o (2.8)
. ﬁ@«u AR A e ST i . Ty
though Sr ;i and s _ are opposite 1in direction the net
? ’

electromagnetic energy flow Sr s is not zero
?

(] =S . - S £Z 0 (2.9)

From equa;ions (2.4) and (2.9) it is obvious that in the RFQ

cavxtx with 2-D VCR there 1s no longitudinal field stabilization.,

Actually 2-D VCR 1mproves the _longitudinal field dlstrlbutlon
e

only in the meanlng of 1ncrea51ng the mode separatlon between

s R s ey

TE2 -like mode and TEllQ —11ke _mode. In this way the field
‘_ﬁﬂ;@g . ~ e

components of TE 10 -lxke mode 1less contribute to the

longitudinal field distribution of the TE, ¢ -like mode. But &ew
' in

thwm



-Mw case 6f presente qg TE,,, TE€2n MJ"S

T

—llke mode there is no longltudlnal electromagnetlc energy

flow.

There is another disadvantage of 2-D VCR. In the RFQ cavity
with 2-D VCR the plane of the vane coupling ring is perpendicular

to the axis of the cavity. Therefore the conductoq_ggﬂthemxgnew

coupling r1ng is parallel to the electric fleld line E¢ of RFQ

R T I e e e 2 U

cav1ty. So the local field disturbance by the 2 -D VCR is maxlmum

R IR R 7Y
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and the _local capac1tance loading is concentrated in the place

i -

where the plane of the coupllng r1ng 1ntersects the axis of the
et TR e RN me—— .

cav1ty. The total effect of these is to introduce additional

longitudinal field unflattness.
3. The 3-D VCR

The basic 1dea of 3-D VCR is to change the way of connectlon

S . e L T T

of twe opposxte vanes. by coupllng rxngs Ln the RFQ cav1ty to

*ﬁfoduce the longxtudlna}uelectromagnetlc enefgy'flow.% For thlS
purpose the plane of the coupling ring is inclined to the axis of
the cavity instead of perpendicular to the axis as in the case of
the 2-D VCR. There are several ways to arrange the inclined

coupling rings along the axis of the cavity. One of them is

mono-inclined (see Fig. 2).




Fig. 2 One way of arrangement of vane coupling rings

(mono-inclined)

The other way of arrangement of the vane coupling rings is

alternate-inclined (see Fig. 3).

Fig. 3 The other possible way of arrangement of inclined coupling

ring (alternate-inclined coupling rings)

In this case the z-components of rf currents on the adjacent
coupling rings are opposite and it can be seen later the net
longitudinal electromagnetic energy flow produced by Hr and E0
will be zero. So we shall discuss the RFQ structure with
mono-inclined vane coupling rings shown in Fig. 2. 1In Fig. 2 if
one inclined coupling rings is enlarged in Fig. 4 in which the rf
current flowinng along the vane coupling ring Irf is decompounded

R the azimuthal component Ib and the axial component Iz.

fads
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At point T there are field components Hr ~and E¢ tthe Poynting
’

't

tor S = E H .
vector ST Uht* rit

s frem left «c risar
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At point B there are field components Hrband Eb% the Poynting

vector S%b= E@mx HLb
£
H 3 w
rem rosit g feld
SZ 8 y j

Fig. 4 The enlarged inclined coupling ring, rf current components

and the longitudinal electromagnetic energy flows.

The effect of I¢ has already been discussed in Section 2 for the
case of 2-D VCR. The effect of Iz will be discussed in details
here. It is the essential of the 3-D VCR.

In Fig. 4 the point T is above the current component Iz, the

electromagnetic energy flow S at this point is going through

the cross-section of above part of the cavity and the point B is

Bimtsvist S .

under the Iz' the electromagnetic energy flow at this point S

Mgt e i, I?.
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‘ Lsggplng through the cross-sectlon of the low part of the cavxty.

JThough thgwglrectxons of s ,t—and Szabeifs-qu?SLte they do not

meet each other. So the total effect of electromagnetic energy

st

flow in longitudinal direction is the sum ISz sl of ISz t| and
? ’

Isz,b'
I's ,sl = Is ,tI + ISZLPI G.1)
where
et T e X e (3.2)
e ... - - SR
S ,b = E¢ b X H ,b (3.3)
"E\}w" e wer - im

So in the RFQ structure with 3-D VCR when the structure is

perturbed there exist both transverse and longitudinal

A e e

}}electromegnetlc energy flows which are 1mportant to balance the
e RSN -]

disturbed electromagnetic field flatness in both azimuthal and

longitudinal dlrectlons.

S R 0

The other advantage of the RFQ structure wzth 3-D VCR 1is the

‘perturbatxon on the Ebygyﬁghe'conductors oﬁmyane”coupling rings

is smaller and more un1formly dlstrlbuted along z- axis than that

[ R i -
in the case of 2-D VCR and the local capac1tance loading along
A s e e - Ry e

the z- axxs 1s also more unlformly dlstrlbuted than the dxscrete

PSS s e

capacxtance loadxng 1n the ~case of 2-D VCR. This is simple
- ol
because the vane coupllnq rings are inclined to the axis of the

RFQ cavity instead of that the vane coupling rings are



perpendicular to the axis of the cavity as in the case of 2-D

VCR.

4. Conclusion

According to the above analysis the following conclusion can

be made:

- 2-D VCR can increase the mode separation between TEZlO Tlike
mode and TEllO -like mode. Therefore it can be used to reduced
the contribution of the field components of TE110 -like mode to
the field distribution of TE210 -like mode. It can stabilize the

field distribution of TE210 ~-like mode in azimuthal direction.
But it can not stabilize the field distribution of TEZlO

-like mode in longitudinal direction.

- The perturbation on the E¢ in RFQ cavity by 2-D VCR is maximum
because the conductor of the coupling ring is parallel to the E®_
and the local capacitance loading of the vane coupling rings is
discreéaly distributed along the z-axis of the cavity. This

introduces an additional longitudinal unflattness of the field in

the RFQ cavity.

- In contrast with the 2-D VCR in the RFQ cavity with 3-D VCR
there exist simultaneously transverse electromagnetic energy flow

and longitudinal electromagnetic energy flow. So it can

P
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simultaneously stabilize field distribution of TEZIO -like mode

in both azimuthal and longitudinal digections..

~-Because the conductors of 3-D VCR are inclined to E@ in the RFQ
cavity the perturbation of E° by 3-D VCR is less and more
uniformly distributed along z-axis than that in the case of 2-D
VCR and the local capacitance loading along the z-axis is also
more uniform than in the case of 2-D VCR.

From the point of view of mechanical structure the 3-D VCR 1s
R L. ]
evolved from the 2—D VCR.

o
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So in mechanlcal structure the 3 D VCR

is as 51mple as 2 D VCR. "

-«
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